Light scattering and spin-orbit angular momentum coupling phenomena from subwavelength objects, with electric and magnetic dipolar responses, are receiving an increasing interest. Under illumination by circularly polarized light, spin-orbit coupling effects have been shown to lead to significant shifts between the measured and actual position of particles. Here we show that the remarkable angular dependence of these "optical mirages" and those of the intensity, degree of circular polarization (DoCP), and spin and orbital angular momentum of scattered photons, are all linked and fully determined by the dimensionless "asymmetry parameter" g, being independent of the specific optical properties of the scatterer. Interestingly, for g = 0 the maxima of the optical mirage and angular momentum exchange take place at different scattering angles. In addition we show that the g parameter is exactly half of the DoCP at a right-angle scattering. This finding opens the possibility to infer the whole angular properties of the scattered fields by a single far-field polarization measurement.
The interference between electric and magnetic dipolar fields scattered from high refractive index (HRI) subwavelength particles is known to lead to strong asymmetric intensity distributions [1] , electric-magnetic radiation pressure effects, [2] and other interesting phenomena with novel physical effects and applications [3] . In addition to energy and linear momentum, a light wave carries angular momentum (AM) [4] that can be split into spin (SAM) and orbital angular momentum (OAM) [5] [6] [7] . Light scattering may couple these two components of the AM, via the spin-orbit interaction (SOI) and modify the contributions of SAM and OAM. This phenomena has attracted a great deal of attention in recent years [8, 9] .
Among all the intriguing effects originated by the SOI, perhaps the most interesting is the appearance of the optical mirage, i.e., an apparent transversal displacement of a target after scattering [10, 11] . This apparent shift, induced by the AM exchange per photon, has been predicted and experimentally proved in very different situations. These include circularly polarizedlight impinging a dielectric surface [12] or a single electric dipolar particle [13, 14] , where the absolute values of the optical mirage are limited to subwalengths scales. It has been recently demonstrated that this dipolar limit can be surpassed by illumination with elliptically polarized light [15] . Analogously, enhanced optical mirage values (reaching tens of wavelengths) were obtained for resonant Mie scatters, where higher multipoles are needed [16] . In particular, it has been shown that a high refractive index (HRI) Si-sphere with electric and magnetic dipolar response [17, 18] , can lead to a diverging optical mirage at backscattering [19] [20] [21] , when the helicity is preserved [22] . These findings may give ground for the conjecture that any optical property related to the electric and magnetic polarizabilities, such as absorption, particle size or refractive index, may modify the helicity pattern and hence the optical mirage.
In this Letter, we demonstrate that the degree of circular polarization (DoCP) or, equivalently, the helicity density, Λ θ [23] , depends indeed on the optical properties only through the asymmetry parameter g in the dipolar regime [24] . We demonstrate that from the DoCP measurement in the far field limit (FF) at a single scattering angle, one can extract the full information about other optical parameters, such as g, the re-distribution of AM and the optical mirage. Interestingly, it follows from our study that for a non-zero g, the maximum exchange of AM and the maximum optical mirage value, do not occur at the same scattering angle. At these maxima, the polarization of light is not lineal but elliptical with a z-component of the OAM larger than the total AM, in striking contrast with the pure electric (or magnetic) case g = 0 [13, 14] .
Specifically, we consider a dielectric sphere of radius a with an arbitrary permittivity p and refractive index m 2 p = p , which is embedded in an otherwise homogeneous medium with constant and real relative dielectric permittivity h and refractive index m 2 h = h . The geometry of the scattering is sketched in FIG. 1 , where a circularly polarized plane wave, with wavenumber k (k = m h 2π/λ 0 , being λ 0 the wavelength in vacuum) and well-defined helicity σ = ±1, is incoming along the zaxis. The electric field scattered by the nanosphere can be expanded in the helicity basis, allowing us to separate it into two components with well-defined helicity, E scat σ = E σ+ + E σ− . For subwavelength spheres, characterized by their first a 1 and b 1 Mie coefficients [23] or by their electric and magnetic polarizabilities, α E = ia 1 k 3 /6π and α M = ib 1 k 3 /6π, the (FF) scattered fields are given by [21] 
where E 0 is the amplitude of the incident wave. The (FF) radiation pattern, given by the differential scattering cross section, is given by
where
is the asymmetry parameter in the dipolar approximation [24] . Notice that −1/2 < g ≤ 1/2 where the limits correspond to the so-called first (g = 1/2) and second (g = −1/2 ) Kerker conditions [25] , being g = −1/2 an unreachable value in the absence of gain [26, 27] . Appliying the definition of the helicity operator [29] , Λ ≡ (1/k)∇×, the helicity density or DoCP can be expressed in terms of the V and I Stokes parameters
while the DoCP mean value Λ [13]
The angular dependence of the DoCP just depends on the g-parameter.
In Fig. 2 we show the DoCP pattern vs. both scattering angle θ and g-parameter for an incoming light with helicity σ = +1. As it can be inferred, the DoCP values are restricted to −1 < Λ ≤ 1, being maximized when the system is dual, i.e., at the first Kerker condition when helicity is preserved. In addition, we find that the polarization of the scattered light is linear (Λ θ0 = 0) when the condition g = − cos θ 0 /(1 + cos 2 θ 0 ) is fulfilled, corresponding to the dashed line in Fig. 2 . As it can be seen, it matches with θ 0 = π/2 only for g = 0, which corresponds with the pure electric (or magnetic) dipolar case. The relatively simple measurement of the polarization degree at a right-angle scattering configuration provides a useful insight on the scattering properties of small particles. In particular, the spectral evolution of the degree of linear polarization was shown to be a simple and accurate way to identify electric and magnetic behaviours of the scattered fields [1, 30, 31] . Interestingly, we find that the DoCP measured at a right scattering angle, θ = π/2, is directly related to the parameter g:
This is one of the important results of the present work, which states that by measuring the degree of circular polarization at 90 o degrees, we can directly extract the [24] ). Black vertical line indicates the first Kerker condition, where αE = αM. The solid white point highlights g = −0.4 which corresponds to both a high refractive index (HRI) dielectric sphere or to a small perfectly conducting sphere [28] . Both subwavelength particles will give rise to exactly the same spin-orbit coupling effects.
g-parameter.
Once we have a complete description of the angular dependence of the helicity density in the dipolar regime, it is interesting to analyze its relation with the angular momentum exchanges and the spin-orbit optical mirage. Following Crichton and Marston [7] , we notice that the z-component of the SAM per scattered photon, s z (θ), is a measurable quantity simply related to the DoCP of the scattered light
where Λ θ is given by (6) . Additionally, due to the axial symmetry of the scatterer, the z-component of the total angular momentum of the incoming photons j z = σ is preserved after scattering. Then the z-component of the OAM per scatterd photon, z (θ), can also be related to the DoCP
which allow us to link the optical mirage's apparent shift [21] , ∆, with Λ θ as
Equations 3, 6, 9, 10 and 11 demonstrate that observables as the intensity, degree of circular polarization (DoCP), spin and orbital angular momentum of scattered photons and the optical mirage (dσ scatt /dΩ, Λ θ , s z , z and ∆) are all linked, and fully determined, by the dimensionless "asymmetry parameter" g, being independent of the specific optical properties of the scatterer. In other words, within a single measurement of the DoCP at 90 o via polarization filters in the FF, we can extract the g-parameter via Eq. 8, and infer the angular dependence of all the relevant scattering quantities. Figure 3 illustrates the angular momentum exchange and the optical mirage dependence with the (FF) observation angle θ for an incoming plane wave with helicity σ = +1 and total z-component of the total angular momentum per photon j z = σ. Figures 3(a) and 3(b) summarize the results for g = −0.4 and g = 0.4, respectively. In contrast with pure electric (or pure magnetic) dipolar particles with symmetric scattering (g = 0, Fig.  3(c) ), the maximum angular momentum exchange (corresponding to the minimum of s z ) and the maximum apparent shift of the optical mirage,∆ = ∆/∆ max , take place at different scattering angles but in an angular region in which the z-component of the SAM is negative (i.e. where the photons are not linearly polarized) while the z-component of the OAM is larger than that of the total AM ( z = j z − s z > j z = 1). The equivalent effect occurs for σ = −1.
The angular gaps between the minimum of the zcomponent of the SAM (maximum AM exchange), the maximum of the optical mirage effect and the angle at which light is linearly polarized first increase when the asymmetry parameter tends to the second or first Kerker conditions, |g| ≈ 0.5, as it can be seen in FIGs. 3(d) and 3(e). However, in the limit of dual scatterers (g = +0.5), we find that s z → cos θ and Λ θ → +1, and the extrema collapse again at the singular backscattering angle θ = π. At this angle the optical mirage diverges and an optical vortex appears with s z = −1 and z = 2 [21] . In contrast, in absence of gain, the Optical Theorem imposes that the limit of g = −0.5 is unreachable [26, 27] which inhibits the complete (flipping) transformation from s z = σ to s z = −σ, although a huge enhancement of the optical mirage is predictable getting close to this condition. As a consequence, in analogy with dual spheres, we can predict that an anti-dual sphere -that could be made with a material with gain- [22] , g = −0.5, will generate a perfect optical vortex in the forward direction with a divergent apparent displacement.
In conclusion, we have shown that the asymmetry and spin-orbit coupling effects of light scattered from subwavelength spheres with electric and magnetic dipolar responses are fully determined by the dimensionless "asymmetry parameter" g. As a consequence, particles with different optical properties, but sharing an identical g parameter value (see Fig. 3(f) ) will lead to the same angular dependences of the intensity, DoCP, SAM to OAM exchanges and optical mirage apparent shifts. Since the parameter g can be obtained from a far-field measurement of the DoCP our results predicts the possibility of determining all angular dependences of the scattering coefficients from a single polarization measurement, and therefore they open new perspectives in different areas of Optics and Photonics including antennas engineering, metamaterials, nanophotonics and optical imaging.
